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1347gathers data noninvasively and rapidly in a single heartbeat, re-
constructs local electrograms, permits voltage and activation mapping
of both ventricles simultaneously, and, by virtue of its ability for
epicardial imaging, may detect nascent disease.
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Impact of Regurgitant Oriﬁce Height
for Mechanism of Aortic
Regurgitation
A classiﬁcation of aortic regurgitation (AR) by transesophageal echo-
cardiography (TEE) has been considered a critical pre-operative assess-
ment, particularly for valve repair operations (1). This study aimed to
evaluate the mechanism of isolated AR by quantitative analysis of aortic
valve apparatus (AVAp) by 3-dimensional (3D) TEE using novel soft-
ware and to identify a discriminatory index for AR mechanisms.
Figure 1. 3-Dimensional Measurements of AVAp
To contour AVAp automatically, the 2 coronary ostium (blue points), the 3 commissures of aortic valve (green points), the 3 nadirs of cusp (violet points), and the 3
leaﬂet tips (yellow points) are included and, if necessary, manually corrected. The following parameters were measured automatically (A) aortic root area: annulus
(yellow), sinus Valsalva (violet), sinotubular junction (blue); (B) cusp volume: LCC (yellow), RCC (blue), NCC (violet); (C) leaﬂet length: LCC leaﬂet (yellow dotted
line), RCC leaﬂet (blue dotted line), NCC leaﬂet (violet dotted line); (D) regurgitant oriﬁce height (yellow arrow). AVAp ¼ aortic valve apparatus; L ¼ left; LCC ¼ left-
coronary cusp; NCC ¼ noncoronary cusp; R ¼ right; RCC ¼ right-coronary cusp.
Figure 2. 2D TEE and Volume-Rendered 3D TEE Representations of AVAp in the 3 AR Types
(A) Type I, dilation of aortic root; (B) type II, leaﬂet prolapse of right-coronary cusp leaﬂet; and (C) type III, retraction of all leaﬂets. Blue points: coronary ostium, green
points: aortic valve commissures, violet points: cusp nadirs, and yellow points: leaﬂet tips. 2D ¼ 2-dimensional; 3D ¼ 3-dimensional; AR ¼ aortic regurgitation; TEE ¼
transesophageal echocardiography.
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1348We retrospectively identiﬁed 182 patients who underwent surgical
correction for isolated AR fromDecember 2007 to February 2011 and
15 age-, sex-, and body-surface-area–matched controls. Patients with
aortic dissection, infective endocarditis, complexARmechanisms, and
congenital valve dysfunction were excluded. Seventy patients with AR
were assigned to 1 of 3 pathological categories on the basis of surgical
inspection, as follows: 1) type I, dilation of aortic root (n ¼ 20); 2)
type II, leaﬂet prolapse with ﬂail leaﬂet, transverse ﬁbrous band, and
fenestration (n ¼ 36); and 3) type III, restricted leaﬂet due to rigid
valve and calciﬁcations (n ¼ 14). Pre-operative TEE was conducted
within 3 months before surgery using the iE33 ultrasound system
(Philips Medical Systems, Bensalem, Pennsylvania). 3D datasets
were analyzed using novel 3D, knowledge-based, valve-modeling
software (Siemens Medical Solutions, Mountain View, California)
(2). Regurgitant oriﬁce height (ROH) was measured as the 3D
perpendicular distance from the annular plane to the center of the
3 leaﬂet tips in end-diastolic frame (Fig. 1D).
In pre-operative clinical characteristics, there were no differences
between the 3 AR pathological categories, with the exception ofeccentric jet ﬂow. Analysis in 15 random patients showed good
intraobserver and interobserver reproducibility of each 3D parameter.
Of 85 total patients, 81 (95%) had adequate 3D TEE data for
quantiﬁcation of AVAp and were included in the analysis. Figure 2
shows representative 2-dimensional (2D) TEE and volume-
rendered 3D TEE datasets of AVAp in the 3 AR types. Compared
with controls, ROH was larger in type I (9.5  1.6 mm; p < 0.001)
and smaller in type II (2.9 0.9 mm; p< 0.05). In type III, all leaﬂet
lengths were shorter than those in the controls (p< 0.05). Correlation
between ROH and sinotubular junction (STJ)/annulus area ratio (r¼
0.81; p <0.001) was greater than correlation between 2D coaptation
height and STJ/annulus diameter ratio. ROH was of the highest
discriminatory index for types I and II (areas under the curve: 1.0 [p<
0.001] and 0.93 [p < 0.001], respectively) in 2D and 3D TEE
measurement parameters. The best cutoff values for types I and IIwere
ROH $7 mm (sensitivity 100%, speciﬁcity 100%) and <4 mm
(sensitivity 74%, speciﬁcity 94%), respectively.
The main accomplishment was successful quantitative 3D eval-
uation of AVAp in various AR types: type I was distinguished by a
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1349large ROH; type II, by a small ROH; and type III, by short leaﬂet
lengths. STJ/annulus area ratio correlated well with ROH regardless
of AR type. ROH was the highest discriminatory index for types I
and II. This report is not a technical validation of the accuracy of
this software for quantitative analysis of AVAp. However, the
previous study using this software program to compute precise
morphological quantiﬁcation of AVAp from 3D TEE and
computed tomography data demonstrated a strong intermodality
and intersubject correlation (2). As a clinical implication, the present
study by 3D TEE may potentially help the surgical team to
recognize in-depth anatomic abnormalities or the classiﬁcation with
convincing quantitative information for surgical planning.
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Coronary Plaque Composition and
Post-PCI Complications in NSTEMI
Theability to identify those characteristics of coronaryplaquemorphology
that are associated with a higher risk for microvascular impairment and
myocardial injury after percutaneous intervention (PCI) may provide an
opportunity to improve clinical outcomes in patients with non–ST-
segment myocardial infarction (NSTEMI) treated with PCI (1,2). We
investigated the impact of virtual histology intravascular ultrasound
(IVUS)-veriﬁed pre-PCI coronary plaque composition on peri-
procedural microvascular function as assessed using microvascular resis-
tance (mVR)measurements in patients with NSTEMI undergoing PCI.
Thirty-four patients were enrolled (Fig. 1). Serum troponin T
(TnT) levels were measured on admission, immediately prior to and
6 hours after PCI. The target coronary lesion was crossed by a dual-
sensor–equipped guidewire (Doppler and Pressure Combo Wire,
Volcano Corporation, San Diego, California). Prior to PCI and in
the presence of epicardial stenosis, microvascular resistance (pre-
PCI mVR) was calculated with coronary wedge pressure (Pw)-based
correction, as follows: Pa(1/APV)[(Pd-Pw)/(Pa-Pw)], where Padenotes aortic pressure, Pd is distal coronary pressure, and APV is an
average peak velocity. After obtaining pre-PCI hemodynamic
measurements, IVUS measurements were recorded as described
elsewhere (3). Post-PCI hyperemic mVR was calculated as Pd/APV.
The peri-procedural change in mVR (DmVR) was calculated as Post-
PCI mVR – Pre-PCI mVR. Paired t test and linear regression
analysis were used where appropriate. Normal distribution was
achieved for TnT values by logarithmic transformation. Multivariate
linear regression analysis was applied to identify the independent
predictors of DmVR, including pre-PCI mVR, all IVUS parameters,
total plaque volume, lesion and stent lengths, angiographic percent
diameter stenosis, and the presence of thrombus on angiography.
There was a signiﬁcant correlation between DmVR and DTnT
(r ¼ 0.454; p ¼ 0.03). The necrotic core/dense calcium ratio was
the only VH-IVUS characteristic correlated with pre-PCI mVR
(r¼ 0.735; p< 0.001). Similarly, the percent of necrotic core volume
(%NCV) was the only IVUS parameter correlated with DmVR (r ¼
0.601; p < 0.001) and post-PCI mVR (r ¼ 0.55; p ¼ 0.002). DTnT
was correlatedwith%NCV (r¼ 0.473; p¼ 0.015). In themultivariate
model, DmVR was predicted by %NCV (b ¼ 0.472; p ¼ 0.01), fol-
lowed by pre-PCI mVR (b¼ 0.343; p¼ 0.045). The best cutoff value
of %NCV for the prediction of an increase in post-PCI mVR was
18, with a sensitivity of 84% and a speciﬁcity of 66% (area under the
curve ¼ 0.826; 95% conﬁdence interval: 0.67 to 0.96).
This study demonstrated that in patients undergoing PCI
for NSTEMI, the ratio of necrotic core to dense calcium was
associated with the extent of baseline pre-PCI microvascular injury,
and that %NCV in the culprit lesion predicted the extent of post-
PCI increase in mVR. In other words, the features suggestive of
greater lesion instability were associated with more extensive
microvascular obstruction at presentation, as well as PCI-related
impairment of microvascular perfusion in NSTEMI. Although
previous IVUS studies have demonstrated a relationship between
necrotic core component and post-PCI embolization (4), in the
current study, the extent of PCI-related microvascular impair-
ment, which was assessed precisely by the difference between pre-
and post-PCI MR values, was shown to have been predicted by the
percentage (but not the absolute amount) of necrotic core volume
across the entire lesion segment. Moreover, the status of microcir-
culation at baseline also emerged as one of the major determinants
of peri-procedural microvascular injury, supporting the ﬁndings of a
recently published study (5). Nonetheless, the results of this study
should be interpreted with consideration of the limitation of rela-
tively small patient numbers, and therefore additional predictors of
baseline and post-PCI mVR may not have been detected.
In summary, in the NSTEMI setting, the proportion of necrotic
core content in the target lesion was associated with the extent of
both pre- and peri-procedural microvascular dysfunction and post-
procedural myonecrosis. The pre-procedural identiﬁcation of those
coronary plaques most likely to induce microvascular injury during
the PCI procedure may allow the strategies of protection of the
microvasculature at the time of PCI to improve clinical outcomes in
patients with NSTEMI.
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